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Supporting Online Material

MATERIALS AND METHODS
Expression and purification of HIV-1 gp120 proteins

The codon-optimized plasmid pVRC8400-HIV-1 Clade A/E 93TH057 AV123
contains gp120 residues 44-492 with specific deletions at the V1/V2 and V3 regions. The
expression construct was made by inserting mouse interleukin-2 (IL-2) leader sequence
(MYSMQLASCVTLTLVLLVN) followed by the modified gp120 sequence between the 5’
Xbal and 3° BamHI sites. In the modified gp120 sequence, N-term residues 31-43 of wild
type Clade A/E 93TH057 gp120 were trimmed, amino acids sequences '** PLCVTLHCT
TAKLTNVTNITNVPNIGNITDEVRNCSFNMTTEIRDKKQKVHALFYKLDIVQIEDKN
DSSKYRLINCNT "* of the V1/V2 loop and *’NMRTSMRIGP GQVFYRTGSIT** of the
V3 loop were replaced with GG and GGSGSG linkers, respectively.

YU2 AB4 core gp120 was constructed as described (S1) with YU2 gp120 sequence
by replacing the 9 residues of 3-B5 loop with a Gly-Gly linker. This deletion weakens the
binding of CD4 and prohibits formation of the antibody 17b epitope.

The 93THO057, YU2AB4 core gp120 and HXBc2 Ds12F123 core gp120 (S2) were
expressed and purified as described previously (S3). Briefly 1L of HEK 293 GnTi or 293
FreeStyle cells were transiently transfected with the mixture of 500 pg of gp120 DNA
plasmid and 1 ml of 293fectin (Invitrogen). The transfected cells were incubated in
FreeStyle 293 expression medium (Invitrogen) supplemented with 3% Cell Boost
(HyClone) and 2 mM Butyrate (SIGMA) for suspension culture at 8% CO,, 37.0 °C and 125

rpm for five days after transfection. The supernatants for 93TH057 and HXBc2 Ds12F123
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core gp120 were harvested and proteins purified with a protein A-immobilized 17b antibody
affinity column. The YU2AB4 core gp120 was purified with a protein A-immobilized F105
antibody affinity column. The gp120 proteins were eluted with IgG elution buffer (Pierce)

and immediately adjusted to pH 7.5.

Production of VRCO01 IgG and antigen-binding fragment

The VRCO1 IgG was expressed and purified as described in the companion paper
(S4). Briefly, heavy and light chain plasmids were transfected into 293F cells using
293Fectin (Invitrogen). The supernatant was harvested 5 days after transfection, filtered
through 0.45 um filter, and followed by purification using immobilized protein A or protein
G columns. To produce antigen-binding fragments (Fab), VRCO1 IgG was incubated at 37
°C with protease Lys-C (Roche) at a ratio IgG:LysC=4000:1 (w/w) in 10 mM EDTA, 100
mM Tris/CI’, pH 8.5 for about 12 hours. Uncleaved IgG and the constant fragment (Fc) were
removed by passing the digestion mixture through a Protein A affinity column; the flow-
through containing VRCO1 Fab was concentrated and loaded onto size-exclusion column

(Superdex S200) for further purification.

Deglycosylation, complex formation and crystallization of the gp120:VRCO01 complexes

Deglycosylation of HIV-1 gp120 was performed in a reaction solution containing 1-
5 mg/ml gp120, 350 mM NaCl, 100 mM Na Acetate, pH 5.9 , 1x EDTA-free protease
inhibitor (Roche) and endoglycosidase H (30 units/pg of gp120). After mixing all
components and adjusting pH to 5.9, the solution was incubated at 37°C and the

deglycosylation process was monitored by SDS-PAGE until completion.



gp120:VRCOI complexes were made following procedures that were previously
described (S3). Briefly, VRCO1 Fab in 20% molar excess was combined with
deglycosylated gp120 and the gp120: VRCO1 mixture was passed through a concanavalin A
column to remove gp120 with uncleaved N-linked glycans. The complex was then purified
by size exclusion chromatography (Hiload 26/60 Superdex S200 prep grade, GE Healthcare)
and concentrated to ~10 mg/ml in 0.35 M NacCl, 2.5 mM Tris pH 7.0, 0.02% NaNj for
crystallization screening experiments. To achieve better chances of crystallization hits, two
gp120 variants, clade B HxBc2 core Ds12F123 and clade A/E 93THO057, were used to make
complexes with the VRCO1 Fab.

Commercially available screens, Hampton Crystal Screen (Hampton Research),
Precipitant Synergy Screen (Emerald BioSystems), and Wizard Screen (Emerald
BioSystems), were used for initial crystallization trials of the gp120:VRCO1 complexes.
Vapor-diffusion sitting drops were set up robotically by mixing 0.1 pl of protein with an
equal volume of precipitant solutions (Honeybee, DigiLab). Droplets were allowed to
equilibrate at 20° C and imaged at scheduled times with RockImager (Formulatrix.).
Multiple crystal hits were obtained from both HXBc2:VRCO1 and 93TH057:VRCO01
complexes. Those hits were optimized manually using the hanging drop vapor-diffusion
method. Crystals of the HXBc2:VRCO01 complex were obtained in 1.0 M NaCitrate, 100mM
NaCacodylate, pH 6.5. For the 93TH057:VRCO01 complex, the best condition to obtain
diffraction-quality crystals was 10% PEG 8000, 100 mM Tris/CI’, pH 8.5 with 3 % glucose

as additive.



X-ray data collection, structure determination and refinement for the gp120:VRCO01
complex

The diffraction of gp120:VRCO1 crystals were tested under cryogenic conditions. To
search for the best cryo-protectant, protecting effects of six commonly used cryo-
protectants, 30% glycerol, 30% ethylene glycol, 15% 2R,3R-butanediol, 40% trihalose, 40%
sucrose and 40% glucose, were assessed. Crystals were transferred into solutions which
were composed of crystallization reservoir solution with 50% higher concentration of
precipitant(s) and each individual cryo-protectant or mixture of cryo-protectants,
immediately flash frozen in liquid nitrogen with a cryo-loop (Hampton Research) and
mounted under cryo condition (100K°) for data collection. X-ray data were collected at
beam-line ID-22 (SER-CAT) at the Advanced Photon Source, Argonne National
Laboratory, with 0.82656 A radiation, processed and reduced with HKL.2000 (S5). None of
the HXBc2:VRCO1 crystals diffracted beyond 4 A resolution and they were not used for
data collection. A 2.9 A data set for the 93TH057:VRCO1 crystals was collected using a
cryoprotectant solutions containing 15% PEG8000, 100 mM Tris/Cl, pH 8.5 and 20%
glucose and 7.5 % 2R,3R-butanediol as cryoprotectants. I/c ratio was 1.2 at the 2.9 A shell
with 68% completeness.

The crystal structure of the 93TH057:VRCO1 complex was solved by molecular
replacement with Phaser (S6) in the CCP4 Program Suite (S7). This crystal belonged to a
space group P21 with cell dimensions a=108.6, b=98.3, ¢=205.3, 3=99.7 and contained four
molecules per asymmetric unit. The structure of 93THO057 gp120 with 20/B21 region trimmed
(PDB #3M4M) was used as an initial model to place the gp120 in the complex. Phaser was

able to give a solution with three gp120s initially (RFZ=4.3 TFZ=4.7 PAK=0 LLG=69



RFZ=3.5 TFZ=11.8 PAK=0 LLG=234 RFZ=3.7 TFZ=17.5 PAK=0 LLG=485 LLG=1280).
With those three gp120s fixed, the CDR-loop-trimmed variable domain (Fv) of antibody
b13 (PDB ID 3IDX) (S3) was used to locate the Fv portion of VRCOI in the complex
(RFZ=3.7 TFZ=11.7 PAK=0 LLG=539 RFZ=3.9 TFZ=5.0 PAK=0 LLG=389 RFZ=3.9
TFZ=4.7 PAK=0 LLG=136 LLG=428). Visual inspection of the generated gp120:Fv
solutions identified one of gp120s complexed with a symmetry-operated Fv. This new
gp120:Fv complex was used as model to perform a new round of molecular replacement,
one complex at a time, until all four gp120:Fv complexes were found (Round 1: RFZ=6.6
TFZ=8.9 PAK=0 LLG=72 LLG=243, Round 2: RFZ=5.9 TFZ=16.0 PAK=0 LLG=78
LLG=623, Round 3: RFZ=8.4 TFZ=25.3 PAK=0 LLG=739 LLG=1866, Round 4: RFZ=5.8
TFZ=22.8 PAK=0 LLG=990 LLG=2608). The constant domain of Fab b13 was then used to
place one of the VRCO1 constant domains with all four previous solutions fixed (RFZ=4.7
TFZ=21.5 PAK=1 LLG=1357 LLG=3313). The newly found constant domain and the
gp120:Fv formed a complete gp120:VRCO1 complex and the other three molecules were
generated by superposing this complex with other three gp120s in the asymmetric unit.

Further refinement was carried out with PHENIX (S8). Starting with torsion-angle
simulated annealing with slow cooling, iterative manual model building was carried out on
Xtalview (S9) and COOT (S10) with maps generated from combinations of standard
positional, individual B-factor, TLS refinement algorithms and non-crystallographic
symmetry (NCS) restraints. Ordered solvents were added during each macro cycle.
Throughout the refinement processes, a cross validation (Rge) test set consisting of 5% of
the data was used. Structure validations were performed periodically during the model

building/refinement process with MolProbity (S11) and pdb-care (S12). Even though the



reported data at the highest shell of 2.9 A only has I/ ratio of 1.2, reflections up to 2.7 A
resolution (I/c >1.0, ~30% completeness) were included and used during the refinement. X-

ray crystallographic data and refinement statistics are summarized in Table S1.

Surface plasmon resonance (SPR)

The binding kinetics of HIV-1 gp120 with different ligands were performed on
Biacore 3000 or Biacore T-100 (GE Healthcare) at 20°C with buffer HBS-EP+ (10 mM
HEPES, pH 7.4, 150 mM NaCl, 3 mM EDTA, and 0.05% surfactant P-20). To assess
VRCOI recognition of gp120 in the CD4-bound and non-CD4-bound conformation, gp120
molecules (YU2AB4 core and HXBc2 Ds12F123 core) were immobilized onto a CMS5 chip
to 250-500 response units (RUs) with standard amine coupling; Fab antibodies, CD4 or
CD4-IgaTP at 2-fold increasing concentrations were injected over the gp120 channels at a
flow rate of 30 pul/min for 3 minutes and allowed to dissociate for another 5-10 minutes
before regeneration with two 25 pul injections of 4.5 M MgCl, at a flow rate of 50 ul/ml.

To test the effects of mutations on VRCO1, IgG variants were captured with a mouse
anti-human IgG Fc antibody supplied in the “human antibody capture kit” (GE Healthcare)
to a surface density about 300 RUs. gp120 series with 2-fold increasing concentrations were
passed over the captured IgG flow channels for 3 minutes and allowed to dissociate for
another 5-10 minutes at a flow rate of 30 ul/min. The sensor chip was regenerated after each
experiment using two 25 pl injections of 4.5 M MgCl, at a flow rate of 50 pl/ml.

Sensorgrams were corrected with appropriate blank references and fit globally with
Biacore Evaluation software using a 1:1 Langmuir model of binding. Sensorgrams of IgG

b12 binding to gp120 could not be fitted with 1:1 Langmuir model and were analyzed with a
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two-state binding model; such treatment should not affect the primary on-rates nor overall

Kps reported here.

Mutagenesis and creation of VRCO01 genomic revertants

Single- 4-, 7- , 12-revertant mutations to germline residues of VRCO1 as well as
the heavy chain C32SC98A mutations, light chain insertions with Ala-Ala or Ser-Tyr
after position 30 were listed in Table S12 and the mutagenesis were carried out using
Quikchange kit (Stratagene) according to manufacturer’s protocol.

V-gene revertants for VRCO1 were constructed as follows: For heavy chain V-
gene revertant (gH), VRCO1 heavy chain V-gene region was reverted to its germline
precursor IGHV 1-02*02. For light chain V-gene revertant (gL), VRCO1 light chain V-
gene region was reverted to its germline precursor IGKV 3-11*01. The modified heavy
and light chain genes were synthesized by GeneArt (Regensburg, Germany), and cloned
into a mammalian CMV/R vector for expression. All the VRCO1 variants were

expressed with the same protocol as wild type VRCO1 IgG.

Neutralization assays
Neutralization assays of viruses by VRCO1 and its variants

HIV-1 Env-pseudoviruses were prepared by transfecting 293T cells (6 x 10° cells in
50 ml growth medium in a T-175 culture flask) with 10 pug of rev/env expression plasmid
and 30 pg of an env-deficient HIV-1 backbone vector (pSG3AEnvelope), using Fugene 6
transfection reagents (Invitrogen). Pseudovirus-containing culture supernatants were

harvested two days after transfection, filtered (0.45 pm), and stored at —80°C or in the vapor
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phase of liquid nitrogen. Neutralization was measured using HIV-1 Env-pseudoviruses to
infect TZM-bl cells as described previously (S13-14). Briefly, 40 pul of virus was incubated
for 30 min at 37°C with 10 pl of serial diluted test antibody in duplicate wells of a 96-well
flat bottom culture plate. To keep assay conditions constant, sham media was used in place
of antibody in specified control wells. The virus input was set at a multiplicity of infection
of approximately 0.01, which generally results in 100,000 to 400,000 relative light units
(RLU) in a luciferase assay (Bright Glo, Promega, Madison, WI). The antibody
concentrations were defined at the point of incubation with virus supernatant. Neutralization
curves were fit by nonlinear regression using a 5-parameter hill slope equation as previously
described (S15). The 50% inhibitory concentrations (ICsg) were reported as the antibody

concentrations required to inhibit infection by 50%.

Neutralization assay of viruses with altered sampling of the CD4-bound state by VRCO01 and
CD4

The assay was performed as previously described (S16). Recombinant HIV-1
expressing the firefly luciferase gene was produced by calcium phosphate transfection of
293T cells with the molecular clone pNL4.3 (Env-) Luc and the pSVIllenv plasmid
expressing the wild-type or mutant HIV-1yy, envelope glycoproteins at a weight ratio of
2:1. Two days after transfection, the cell supernatants were harvested. The reverse
transcriptase activities of all virus preparations were measured, as described previously
(S17). Each virus preparation was frozen and stored in aliquots at -80 °C until use.
Luciferase-expressing viruses bearing either wild-type or mutant envelope glycoproteins

were incubated for 1 hour at 37°C with serial dilutions of sCD4 or VRCO1 IgG in a total
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volume of 200 pl. The recombinant viruses were then incubated with Cf2Th-CD4/CCRS5

cells; luciferase activity in the cells was measured two days later.

ELISA assay

Clade A/E 93THO57 and clade B HXBc2 core Ds12F123 gp120 in PBS (pH 7.4) at
2pg/ml were used to coat plates for 2 hours at room temperature (RT). The plates were
washed five times with 0.05% Tween 20 in PBS (PBS-T), blocked with 300 ul per well of
block buffer (5% skim milk and 2% bovine albumin in PBS-T) for 1 hour at RT. 100 pl of
each monoclonal antibodies 5-fold serially diluted in block buffer were added and incubated
for 1 hour at RT. Horseradish peroxidase (HRP)-conjugated goat anti-human IgG (H+L)
antibody (Jackson ImmunoResearch Laboratories Inc., West Grove, PA) at 1:5,000 was
added for 1 hour at RT. The plates were washed five times with PBS-T and then developed
using 3,3,5,5 -tetramethylbenzidine (TMB) (Kirkegaard & Perry Laboratories) at RT for 10
min. The reaction was stopped by the addition of 100ul 1 N H,SO4 to each well. The

readout was measured at a wavelength of 450nm. All samples were performed in triplicate.

Analysis of the commonality of VRCO01 features
Structural dataset for analysis of antibody affinity maturation

Initially, the IMGT/3Dstructure-DB (S18) was searched for structures of human
antibody-protein and antibody-peptide complexes of at most 3.5A resolution. This resulted
in a set of 54 antibody-protein and 66 antibody-peptide structures (the 2wuc complex was
found in both the protein and peptide databases). To complement the structure query, the

RSCB PDB (S19) was searched for “human fab complex” and structure resolution of at
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most 3.5A, resulting in a set of 290 structure hits; 211 of these had not been identified as
part of the IMGT/3Dstructure-DB search. All unique pdbs from the IMGT/3Dstructure-DB
database and the PDB search were manually inspected. Additionally, two structures (2b4c
and 3hil, see Table S11) not found in either search were also inspected.

To be included in the affinity maturation analysis, pdbs had to possess the following
properties: antibody-protein or antibody-peptide complex, IgG antibody of human origin,
natural affinity maturation, and antigen not artificially modified for improved binding. In the
cases where multiple complexes of the same antibody were identified, only one such
complex was used for the analysis. As a result, only 26 of the complexes, shown in Table
S10, were retained for the antibody affinity maturation analysis. The list of discarded pdbs,
along with the specific reasons for discarding, is shown in Table S11.

For each of the selected 26 andibody complexes, the number of antibody contact
residues that were mutated from germline was computed for the antibody V-segments.
Contact residues were identified using PISA (S20). Antibody germline genes were identified
with IgBLAST (http://www.ncbi.nlm.nih.gov/igblast/) using antibody protein sequences for
the search; insertions/deletions were not counted toward the number of mutations from
germline. A summary of the number of contact residues, V-segment mutated residues, and

mutated contact residues for the 26 antibodies are shown in Table S10.

Analysis of cys residues, residue deletions, and glycan additions

A dataset of human HIV-1 antibody heavy and light chain sequences was obtained

from (S21). The final curated version of that dataset that excluded non-specific gp140

13



binders as well as sequences with non-fully-resolved variable regions, included 147 heavy
and 147 light chain sequences (Appendix).

Sequence alignment to germline was performed using IMGT/V-QUEST (S22). The
number of glycans was computed for the V-D-J heavy and V-J light regions. The number of
Cys residues was computed for the V-D-J heavy regions only. The number of residue
deletions was computed for the V-segments as compared to the corresponding germline; a

deletion of multiple consecutive amino acids was counted as a single deletion.

Numbering of amino acid residues in antibody

We follow the Kabat (S23) nomenclature for amino acid sequences in antibodies.

Protein structure analysis and graphical representations

GRASP (S24) and APBS (S25) were used in calculations of molecular surfaces,
volumes, and electrostatic potentials. PISA (S20) was used to perform protein-protein
interfaces analysis. CCP4 (S10) was used for structural alignments. All graphical

representation with protein crystal structures were made with Pymol (S26).
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SUPPLEMENTARY FIGURES AND TABLES

50 60 70 80 90
I | | I I
93ThO57 VWKDADTTLFCASDAKAHETEVHNVWATHACVPTDPNPQE IHLENVTENF
HXBc2 VWKEATTTLFCASDAKAYDTEVHNVWATHACVPTDPNPQEVVLVNVTENF
100 110 120 194 200
93Th057 NMWKNNMVEQMQEDV I SLWDQSLQPCVKLT----GG----- SVIKQACPK
HXBc2 NMWKNDMVEQMHED I I SLWDQSLKPCVKLTPLCVGAGSCNTSV I TQACPK
V1/Vv2
210 220 230 240 250
93ThO57 ISFDPIPIHYCTPAGYV ILKCNDKNFNGTGPCKNVSSVQCTHG IKPVVST
HXBc2 VSFEPIPIHYCAPAGFAILKCNNKTFNGTGPCTNVSTVQCTHGIRPVVST
260 270 2?0 3?0
93Th057 QLLLNGSLAEEEI I IRSENLTNNAKT I I'VHLNKSVE INCTRPSNGGSGSG
HXBc2 QLLLNGSLAEEEVVIRSVNETDNAKT I I'VQLNTSVEINCT----- GAG--
Loop D
330 340 350 360
93Th057 GD IRKAYCE INGTKWNKVLKQVTEKLKEHF-NNKT I I FQPPSGGDLEITM
HXBc2 = ——=——- HCNISRAKWNNTLKQIASKLREQFGNNKT I I FKQSSGGDPEIVT
CD4-Binding loop
380 390 400 4%0 4%0
93Th057 HHFNCRGEFFYCNTTQLFNNTC I G-NETMKGCN---~-- GTITLPCKIKQI
HXBc2 HSFNCGGEFFYCNSTQLFNSTWFNSTWSTEGSNNTEGSDTITLPCRIKQI
440 450
93Th057 INMWQGTGQAMYAPP IDGKINCVSNITG I LLTRDGGANNTSNETFRPGGG
HXBc2 INMWQKVGKAMYAPP I SGQ IRCSSNITGLLLTRDGGNSNNESE I FRPGGG
B20/p21 p24
480 49?
93Th057 NIKDNWRSELYKYKVVQIE
HXBc2 DMRDNWRSELYKYKVVKIE

Figure S1. gp120 sequence alignment and residue-by-residue contacts with CD4 and
VRCOL1.

Both wild type clade B HXBc2 and clade A/E 93THO057 core gp120 sequences are displayed
with HXBc2 numbering convention. The 93THO057 construct has shorter V1/V2 stem and
has a new V3 stem as described in Material and Methods. gp120 contacts as defined with
the program PISA (S20) for the CD4 and VRCO1 complexes are indicated in orange and
green, respectively, with open circles (o)denoting gp120 main-chain-only contacts, open
circles with rays (3¥)denoting gp120 side-chain-only contacts, and filled circles (®) denoting
both main-chain and side-chain contacts. The major structure elements of gp120 that
involved in ligand binding were underlined. Potential glycosylation sites on gp120 with
signature sequence NXT/S are highlighted in cyan, however, not all sites are observed in the
crystal structure. VRCO1 has remarkably less interactions with the conformationally
variable V1/V2 and 20/B21 regions and more interactions at the loop D and V5 areas.
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CD4 domain 1

Figure S2. Electrostatic surfaces and maps of residues types.

Electrostatic surfaces for the VRCO1 and CD-bound gp120s are shown in the left panels
with heavy chain variable domain (Vy) of VRCO1 (palegreen, upper row) and domain 1
(D1) of CD4 (yellow, lower row). Both of VRCO0O1 and CD4 bind to overall negatively
charged surfaces on gp120. The flip sides of the complexes showing the electrostatic
surfaces of Vi and D1 are presented in the middle panels with gp120 (red tubes) in the
foreground. Molecular surfaces of Vi and D1 colored by residue types were shown to the
right. Green and yellow trace-lines define gp120 footprints on Vi and CDA4, respectively.
The gp120 interfaces on Vi of VRCOI and D1 of CD4 are mostly positively charged to
complement the negatively charged gp120 surfaces. Certain residues, such as Arg71 in
VRCOI1 and Arg59 in CD4, are conserved, the unique VRCO1 Arg61 that penetrating the
cavity formed by V5 and 324 is also shown. The electrostatic potential was calculated with
APBS (S25) and visualized with Pymol (S26) using blue and red representing positive and
negative charges, respectively. Color representation of residue types are white for
hydrophobic, yellow for semi-polar, cyan for polar, blue for positive, red for negative and
pink for aromatic.
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Figure S3. Binding of VRCO01 to gp120 stabilized in CD4-bound and non-CD4-bound
conformations.

Both gp120 in non-CD4-bound conformation (YU2 AB4) and gp120 stabilized in CD4-
bound conformation (HXBc2 core Ds12F123) were immobilized on a CM-5 chip. Fabs of
CD4-binding site antibodies VRCO1, b12 and F105 and CD4-induced antibody 17b, two-
domain CD4 and CD4-Iga TP at various concentrations were injected over the chip channels
as described in Material and Methods. Sensorgrams are shown in black and the fitted curves
in red.
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Figure S4. Comparison of coverage of the site of vulnerability by different CD4-binding
site antibodies

The site of vulnerability is the contact site for receptor CD4 on the outer domain of gp120.
CD4-binding-site-directed antibodies target this general area, however, most of them do not
neutralize potently. Panel A: When the site of vulnerability (semi-transparent yellow with
solid yellow borderline) is superimposed over the antibody epitopes on gp120 surfaces
(red), the degrees of overlapping differ. VRCO01(green) hits the “bull’s-eye” while b12
(cyan), b13 (purple) and F105 (blue) miss portions of the target with epitope straying away
to other conformationally variable areas on gp120. Panel B: Coverage of the site of
vulnerability by epitopes of CD4-binding-site-directed antibodies were compared, VRCO1
achieves almost full coverage (98%) while others, such as b13, F105 and b12, manage to get
50% to 83% overlapping.
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Figure S5. Mechanism of natural resistance to VRCO1

(A) Sequence threading of the 17 HIV-1 isolates that resist neutralization by VRCO1. Spots
that are closer than 2.5 A to VRCO1 are colored red. These spots are clustered at the loop D
and V5 region on HIV-1gp120. (B) Close-up of threaded, resistant isolates are shown along
with the molecular surface of VRCO1, colored light blue for the light chain and green for the
heavy chain. Clashes predicted to interfere with VRCO1-gp120 interactions are highlighted
in red. (C) VRCOI heavy chain Arg61 penetrating the gp120 cavity formed by V5 and 324
(orange). Some resistant isolates have bulky residues pointing into the cavity which interfere
with Arg61yrcor without affecting CD4 binding. (D) Sequence alignment of VRCO1-
resistant isolates at the V5 region. a black boxes highlight bulky residues that may interfere
with binding of VRCO1 and are different from the 93THO057 sequence. Different N-linked
glycosylation patterns are also marked with red boxes.
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Figure S6. Conformational variation of gp120 loopV5.

Side-by-side comparison of conformation variation at the HIV-1 gp120 variable loop 5
region indicates that the four gp120 components (left panel, chains G, A, D and I) of the
VRCO01:gp120 complexes in the crystallographic asymmetric unit vary only at the tip of V5
loop and conformation of the V5 base is less flexible due to increased contacts by VRCOI1.
In contrast, variation of V5 conformations in other gp120 complexes (right panel) with CD4
and CD4-binding site antibodies, F105, b12 and b13, spans over the whole range of V5
loop.
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Figure S7. VRCO1 recognition of V5 and 24 of gp120 is different from that of CD4

A and B: V5 loop is wedged in the gap formed by the heavy and light chains of VRCO1,
meanwhile, Arg61 in the CDRH2 penetrates into the cavity formed by gp120 V5 and 324,
locking V5 into a less flexible conformation. In contrast, CD4 only interacts with the “front
side” of V5. C and D: VRCO1 engages extensive interactions with V5 and 24 with 10
hydrogen bonds and a salt bridge from both CDR H2 and CDR L3. While heavy chain
Asn68, GIn64 and light chain Glu96 grab the front side of V5, heavy chain Arg61 goes
behind the V5 and provides 4 hydrogen bonds to residues on 324. CD4, however, only has 3
hydrogen bonds to 2 V5 residues. It is worth to note that VRCO1 only interacts with residues
at the base of V5 loop and avoids the loop tip which has higher degree of sequence
variation. Carbon atoms of V5 loop and 324 are shown in orange and red. The VRCO1
CDRs are shown in green (H2), paleyellow (H3), purpleblue (L1) and marine (L3).
Hydrogen bonds are colored yellow. Selected gp120 residues are labeled in italic.
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Figure S8. Key interface regions of the gp120:VRCO01 complex.

gp120-interacting complementarity-determining regions (CDRs) of VRCO1 are projected
over the gp120 surface (left panel). Both heavy and light chains are involved in binding of
gp120, mainly to the conformationally invariant outer domain (red with the CD4-binding
loop, Loop D and V5 colored in magenta, brown and orange). The CDR H2 (green) spans
over the CD4-binding loop and the V5/B24, with Arg61 penetrating the V5/324 cavity (right
panel). Arg71 in the framework 3 (palegreen) forms salt bridges with a conserved Asp368 in
the CD4-binding loop of gp120. The light chain CDRL1 (purpleblue) and CDRL3 (marine)
provide interactions to V5, loop D as well as the Loop D attached N-acetyl-glucosamine of a
N-linked glycan.
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Figure S9. VRCO01 sequence, gp120 contacting-sites and extent of affinity maturation.

The sequence of VRCO1 is shown along with nearest V- and Vi ,-genomic precursors for
heavy and light chain, respectively. Affinity maturation changes are indicated in green, with
residues involved in interaction with HIV-1 gp120 highlighted by “e”, if involved in both
main- and side-chain interactions, by “0” if main chain-only, and by “%¥ if side chain-only.
“#” marks a site of N-linked glycosylation, “ A" for Cysteine residues involved in a non-
canonical disulfide, and “A” if the residue has been deleted during affinity maturation.
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Figure S10. Contact, V-gene mutated, and mutated contact residues for the set of 26
antibodies and VRCO1.

Any antibody residue in contact with the antigen in the complex is included towards the
total number of contact residues (blue). The number of mutations from germline for the Vh
and VI/Vk, as well as the number of mutated contact residues are shown in red and green,
respectively. The number of mutations excludes insertions and deletions. Germline
alignment was performed using the amino acid sequences for the antibody heavy and light
chains. For comparison, also shown is the number of mutated residues (total and only
contact residues) when germline alignment is performed for the **VRCO1 nucleotide
sequence.
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Figure S11. Contributions of VRCO01 Vy-D-J and Vk-J fragments to the binding of

HIV-1 gp120.

The variable domains of VRCO1 are shown in cartoon diagram and the gp120 binding areas
are masked with pink surface. The Vi, Dy and J; segments are colored in green, red and
cyan. The light chain Vg and Jkx segments are colored in blue and orange, respectively.
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Figure S12a. Alignment of VRCO1 Vh to the ten closest germline genes.

Results were obtained from IgBLAST using the VRCO1 Vh nucleotide sequence. Residue
identities are shown as dots. VRCOI residues contacting gp120 are colored: residues
conserved in all ten germline genes are shown in red; residues conserved in the top match
(IGHV1-2*02) but mutated in at least one of the other germline genes are shown in green;
residues mutated in IGHV1-2*02 are shown in blue. The nucleotide identity fraction for
each of the ten germline genes, as reported by IgBLAST, is also shown.
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VRCO1 EIVLTQSPGTLSLSPGETATIISCRTSQY G- —-SLAWY QORPGOAPRLVIYSGSTRAAGTP
IGKV3-NL1*01 ........ Acooooa.. R.TL...A..5V35-Y...... Kooooo.. L..GA....T..
IGKV3-11*01  ........ Acooooa, RE.TL...A..5V35-T...... Hooooo.. L..DA.N..T..
IGEV3-11*02 ........ B, E.TL...A..5V3E-Y...... Koo L..DA.N..T..
IGKV3D-11*01 ........ Acooooa, R.TL...A..GV35-Y...... Kooooo.. L..DA.N..T..
IGEV3I-20*01 i i R.TL...A..5V355Y...... Kooooo.. L..GA.5..T..
IGKV3-NLZ*01 ........ Acooooa, E.TL...A..GV35-YT...... Hooooo.. L..DA.S..T..
IGEV3-NLOS*01l ........ R E.TL...A..